Mechanism for the autophosphorylation of CheA histidine kinase: QM/MM calculations.
The CheA histidine kinase, a model of TCS (the two-component system), mediates the signal transduction pathway of bacterial chemotaxis via autophosphorylation. Since the TCSs are rarely found in mammalians, they have become attractive targets for the development of new antibiotics. To characterize the autophosphoryl-transfer mechanism of CheA histidine kinase, molecular dynamics simulations combined with quantum mechanics/molecular mechanics calculations were employed on the constructed 3D model of P1-P4-ATP complex. A two-step reaction mechanism was proposed and confirmed by our computations: the autophosphoryl-transfer reaction takes place followed by a rapid and reversible conformational change from ground state to prechemistry state. In addition, a two-dimensional potential energy surface was calculated for autophosphorylation, and the transition state displays an associative character. Moreover, we found Lys48 serves as the catalytic acid to stabilize transition state through a water-mediated proton-transfer pathway, and Glu67 acts as not only a hydrogen bond acceptor but also a structure anchor to modulate the imidazole ring of His45 in the active site. Our findings clearly provide a detailed autophosphoryl-transfer mechanism of CheA histidine kinase and thus are important for discovering new antibiotics.